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Governing Equations

( ) 0=φ∇⋅⋅∇ k

k = hydraulic conductivity tensor

φ = potential or total head



[ ]{ } { }QK =φ

Linear System

[K] = stiffness matrix

{φ} = vector of total head (L) values at the 
nodes

{Q} = vector of external flow (L3/T) values 
 at the nodes



Relaxation
Forward and Backward Passes

new
i

old
i

new
i

ii

j
jiji

new
i K

KQ

ϖδφ+φ=φ









φ−

=δφ
∑



Plan View
18,752 Nodes – 31,787 Elements



Isometric View



Isolevels – ILU CG



ILU CG – 341 Iterations



Relaxation – 5,000 Iterations



Relaxation – 10,000 Iterations



Node 950



Relaxation Results
Specified Head

2.4147.90.00020550,000

3.8150.00.00034740,000

6.7154.40.00059030,000

11.1161.30.00096020,000

18.1173.10.00181810,000

%
Diff.

Pressure Head
CG = 144.4

Max. Abs.
Error

Iterations



Relaxation Results
Specified Flow

6.4165.80.00029050,000

8.2168.80.00036940,000

10.5172.80.00048230,000

13.5178.00.00062920,000

17.2184.70.00083610,000

%
Diff.

Pressure Head
CG = 144.4

Max. Abs.
Error

Iterations



ILU CG Preconditioner

[ ] [ ][ ] [ ]UDDDLK
~ 1 ϖ++ϖ= −

[L] = lower part of [K]

[D] = diagonal part of [K]

[U] = upper part of [K]

ϖ = relaxation type factor



Two Systems of Equations

[ ]{ } { }ryUD =ϖ+

[ ]{ } [ ]{ }yDzDL =+ϖ

[ ]{ } { } { } [ ]{ }φ−== KQrzK~



Parallel Implementation
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102,996 Nodes
187,902 Elements



Parallel Speedup – T3E
8 PE Run – 777.3 sec
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Scaled Speedup – T3E
8 PE Run – 777.3 sec
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Comparison of Systems
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MPI Versus SHMEM
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